At physiological concentrations of HC03-and C02, Mn(ll) catalyzes disproportionation of 11202. This catalase-like activity is directly proportional to the concentrations of Mn(II) and H202, and it increases exponentially with increases in pH. The effect of increasing pH is almost completely attributable to the concomitant increase in HC03-concentration. The rate is proportional to the third 
There is growing evidence that Mn(II) may play an important role in protecting cells from oxygen-radical damage. Low molecular weight complexes of Mn(II) have been shown to protect Lactobacillus planetarium and related bacteria against oxygen toxicity (1, 2) ; the oxidative damage to glutamine synthetase that occurs during growth of Escherichia coli in Mn(II)-deficient media is prevented when Mn(II) is added to the growth medium (3) ; the in vitro 02-dependent inactivation of many enzymes by enzymic and nonenzymic metal ion-catalyzed reactions is inhibited by Mn(II) (3) (4) (5) (6) . These protective effects of Mn(II) have been attributed to the ability of Mn(II) complexes to catalyze the dismutation of 02 (1, (7) (8) (9) and to inhibit the reduction of Fe(III) to Fe(II) by 07-dependent and possibly 0°-independent pathways (4 [2] [3] [4]
In the course of studies to determine the effect of Mn(II) on the oxidative deamination of amino acids by Fe(II) or Fe(III) plus H202 in bicarbonate buffer (pH 7.6), it was noted that Mn(II) catalyzes rapid dismutation of H202.
2H202 -*02 + 2H20 [5] We report here the results of studies on the catalase-like activity of the Mn/HCO3 system. (Fig. 1C) . However, the data are consistent also with a second-order process since plots of [H2021-[H20210-' versus time are also nearly linear (Fig. 1A) .
MATERIALS AND METHODS
Deviation from apparent first-or second-order kinetics with time could be due to a time-dependent loss of catalytic efficiency of the Mn(II)-bicarbonate complexes formed. To examine this possibility, the reaction was followed until the H202 was nearly all consumed. Then, the concentration of H202 in the reaction mixture was restored to the original level and the rate of 02 production was again monitored. The apparent first-order rate of 02 production following readjust- ments of the H202 concentration to the original level was about half that observed initially (data not shown). Thus, the loss of catalytic activity with time is most likely due to a decrease in the catalytic efficiency or concentration of the Mn(II) complex. Indeed, the time-dependent change in 02 production can be described by either first-or second-order rate law with respect to H202 concentration, together with a first-order decay of catalytic efficiency ( Fig. 1 B and D) . Whereas this analysis could not differentiate between firstand second-order reaction mechanisms, discrimination between these possibilities was obtained by measuring the initial rate of 02 production at various initial concentrations of H202. As shown in Fig. 2 , the initial rate of 02 production is directly proportional to the initial H202 concentration, which is consistent with a first-order process.
The apparent first-order rate constant kapp for H202 disproportionation is directly proportional to the Mn(II) concentration ( Fig. 3) and is an exponential function of pH (Fig.  4A) .
In bicarbonate/CO2 buffers, the HCO3 concentration increases with increasing pH over the range 7.0-8.0, and at any given pH the HCO3 concentration is proportional to the partial pressure of C02 (11) . Therefore, the effects of pH may be due to variations either in the H+ concentration or in the HC03-concentration, or both.
It is evident from the data in Table 1 and Fig. 4B that the effects of C02 and pH on the Mn-dependent decomposition of H202 are attributable to variations in HCO3 concentration alone. Thus, the concentration of HCO3 that is required to yield a given value of k is nearly the same (±10%), irrespective of variations in pH or in the partial pressure of C02 (Table 1 ). In fact, the value of k is a linear function of the HC03 concentration raised to the third power (Fig. 4B) (13) . This serves notice that under some physiological conditions, Mn(II) might also contribute to oxygenradical damage. In fact, the Mn(II)-bleomycin complex was shown to catalyze the cleavage of DNA in the presence of H202 (14) . Mn-porphyrin complexes catalyze the cleavage of DNA in the presence of 0 --generating systems or in the 50 ,uM Mn(II), 30 mM H202, and various amounts of NaHCO3 as needed to yield the pH values as indicated after equilibration with N2 gas mixtures containing either 5% (e), 1o0 (n), 15% (a), or 20% (A) CO2. The first-order rate constant, k, was calculated as described in Fig. 1. (B) The average concentrations of HCO3-(data from the last column in Table 1 ) raised to the third power were plotted against the corresponding k value (data from the first column in Table 1 ).
[41 The latter mechanism is consistent with the demonstration that 027 and OHS are produced under our experimental conditions (13) , but simultaneous operation of both mechanisms is possible.
From our data, the rate of H202 decomposition (Robs (17) and for the luminescence produced during the aerobic oxidation of substances by xanthine oxidase at pH 10 (18). Because light emission varied as the square of the CO32-concentration, it was suggested that OHS generated in these reactions reacts with C032-to form C037 radicals and that light emission is associated with dimerization of CO37 radical (18) . The ability of OHS to react with C032-and HCO3f is firmly established (19, 20 The potential biological importance of HC03-in Fentontype chemistry is underscored by the fact that this ion stimulates also the Fe-catalyzed disproportionation of H202 (25, 26) and the peroxidation of amino acids (26) . In contrast to the Fe/HCO3 system, the reactions catalyzed by the Mn/HCO3 system are strongly inhibited by Hepes, inorganic phosphate, and inorganic pyrophosphate buffers (data not shown). It may be relevant that Tris and Hepes buffers inhibit the oxygen radical-mediated modification of tryptophan residues in proteins exposed to 'Co irradiation, whereas bicarbonate buffers enhanced the rate of such protein damage (27) .
The demonstration that several nonheme catalases possess more than one Mn atom per subunit (28) has led to the proposition that the disproportionation of H202 involves redox cycling between Mn species in binuclear or polynuclear complexes (28, 29) . This has stimulated interest in the synthesis and properties of binuclear Mn complexes as models for the biologically active systems and the demonstration that Mn in such complexes may undergo redox cycling between Mn(II), Mn(III), and Mn(IV) (29) (30) (31) . Re 
